. There is a magnetic analogue to this phenomenon. A ferromagnetic material contains concerted arrangements of electron magnetic moments, which are located on specific sites of the material's atomic lattice. These moments generate a macroscopic magnetization that can be controlled using a magnetic field. Most ferromagnetic materials are also composed of mesoscopic domains.
Despite the apparent macroscopic similarities between ferroelectricity and ferro magnetism, materials that exhibit both phenomena, known as multiferroics, are exceedingly rare 4 . Magnetoelectric materials -those in which electric and magnetic properties are coupled, but that do not necessarily possess ferroelectric or ferromagnetic orderare also uncommon. Most exotic are magnetoelectric multiferroics, in which ferroelectricity and ferromagnetism are intrinsically coupled. This coupling holds great potential for nextgeneration devices, such as data-storage units that run on ultra-low power, highly sensitive magnetic-field detectors 5 and energy-efficient nanoscale motors 6 . Much of the research focus on magnetoelectric multiferroics so far has centred on the control of magnetism using electric fields of ever-decreasing strength 7 .
Identifying multiferroics is a great challenge. In the current work, however, Leo and colleagues recognize that once such a material is identified, the complex parameters that give rise to this state of matter can be combined or manipulated in completely distinct ways. They illustrate this new way of thinking about multifunctional materials by considering the intertwined electric and magnetic properties of two such materials, imaging the domain structure while applying an external magnetic field.
The authors observed domains in the materials using a technique called optical second-harmonic generation. In this approach, two photons interact with a material to produce a single photon that has twice the frequency of the incident photons. The technique is sensitive to the spatial and magnetic (point-group) symmetry of the material's lattice, making it a powerful probe of structural, electronic and magnetic order. Of particular relevance to the authors' work is that second-harmonic generation is sensitive to magnetism even when the magnitude of the magnetic moments in the material is 1,000 times smaller than that of the moments in a typical ferromagnet 1, 8 -a sensitivity that can be matched by few complementary techniques.
Leo et al. studied ferromagnetic domains in one of the materials as a perpendicular magnetic field was swept across the material, and ferroelectric domains in the other material during application of a parallel magnetic field. They found that when the field was gradually changed from one direction to the opposite direction, the boundaries between the domains moved. But, remarkably, when this process was complete, the polarization or magnetization of each domain was reversed and the original domain pattern was recovered (Fig. 1) .
Such an effect is similar to switching the black and white squares of a chessboard, without changing the boundaries between the squares. It is in sharp contrast to what is usually observed when a uniform field is applied to a material: an alignment of all the electric dipoles or magnetic moments, or in the chess analogy, a conversion of all the squares to a single colour.
The authors explain the inversion effect as being due to the coupling of three order parameters -variables that describe the alignment of dipoles or moments in a material. The first parameter represents the observed domain distribution. The second parameter, which is unaffected by the applied magnetic field, imprints the original domain pattern onto the first parameter. Finally, the third parameter, which is directly controlled by the field, causes the observed domain distribution to be inverted.
Leo and colleagues' results suggest that the coupling of multiple order parameters is generic, but it remains to be seen how frequently it manifests in other materials. Perhaps more importantly, however, the study shows how multiple order parameters in certain materials can be exploited. Although magnetoelectric multiferroics have garnered much interest because of their strongly coupled magnetization and ferroelectric polarization, future work might find ways to combine the many order parameters in these materials to derive new functions. Precisely what other relationships might be lurking between these parameters is uncertain. Nevertheless, the authors' demonstration of domain-pattern inversion resulting from the coupling of three order parameters is a big step forward in our understanding of complex coupling in multiferroic materials. ■ 
John T. Heron is in the Department
A lthough people think of divorce, bereavement and job loss as major life events, perhaps no change in a person's life is quite as dramatic as the moment of their birth. As a baby exits the birth canal, the newborn infant loses placental support, and the respiratory system and gut must start to function. Moreover, both beneficial and pathogenic microorganisms will be encountered, and will compete to colonize the baby's body. Writing in Nature, Fulde et al. 1 report that the intestinal receptor protein TLR5 is involved in actively shaping the long-term composition of the gut microbial community, termed the microbiota, in newborn mice.
The bacterial colonization of the gut normally starts in the birth canal 2 . Then, successive waves of increases and decreases in microbial species occur during a period of microbiotal change, which lasts approximately 18 months in humans 3 . Nutritional conditions and immune-system development in early life both affect gut colonization, with far-reaching consequences for later growth and health. Tragically, more than 15 million children around the globe under the age of 5 years suffer from malnutrition and severe wasting (go.nature.com/2n3rxob). This is caused by a combination of insufficient calorie intake and a type of immune dysfunction that is linked to abnormal bacterial colonization in the gut, called environmental enteropathy. The correct functioning of immune cells called B cells and T cells is partly determined by exposure during their early development to non-pathogenic microbes, which can therefore have long-term consequences for the composition of microbial
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Checkpoint for gut microbes after birth
The route to the establishment of a beneficial microbial community in the gut after birth is not fully understood. It now emerges that a gut-cell protein in newborn mice shapes the long-term composition of this community. See Letter p.489 species in the microbiota and subsequent resistance to pathogenic challenges 4 . The immature, vulnerable immune system of a newborn can to some extent be shielded from pathogenic attack by the presence of antibodies from the infant's mother, transferred across the placenta or in breast milk -a particu larly effective health-boosting measure. Breast-milk antibodies that remain in the gut can help to determine the composition of microbes that colonize the intestine, and thereby prevent excessive immune responses to non-pathogenic microbes 5, 6 . Yet despite this maternally provided immune protection, an infant still faces an extremely sensitive period in early life when the progressive microbial colonization of internal and external body surfaces occurs concurrently with the development and maturation of the immune system.
The cellular composition and function of almost every organ changes when a germ-free animal becomes colonized with a microbiota. Such changes are triggered by molecules from the microbes themselves, and the results can help to prevent inflammation as an animal adapts to the presence of microbes on its body surfaces.
It was previously thought that the adaptation of host tissues to accommodate the presence of intestinal microbes could occur equally effectively at any age, on the basis of experiments that introduced a microbiota into adult animals raised in germ-free conditions. Yet awareness is growing that, as a newborn animal develops, an ordered, age-dependent sequence of interrelated immune and microbial checkpoints is required for proper adaptation and to ensure a healthy microbiotal composition 7 . Examples of adaptations in the crucial early time window include regulation of the induction of different classes of antibody called isotypes and of the numbers of immune cells called natural killer T cells in the intestine 7, 8 . Microbial colonization of the newborn animal is not necessary for the innate branch of the immune system to develop, because molecules from maternal microbes delivered across the placenta and in milk can suffice to drive some of this process 9 . Previous studies [10] [11] [12] of mice that are deficient in TLR5, a receptor belonging to a family that is linked to microbial recognition, reported that gut microbes in such animals have defects that trigger metabolic abnormalities such as body-weight gain and fatty changes in the liver. To investigate how postnatal development affects the establishment of the gut microbial community, Fulde and co -workers compared gene expression in gut epithelial cells in three-day-old mice with that in adult mice, and found that the gene encoding TLR5 is highly expressed in the infant mice. The authors then investigated whether this protein has a role in early post natal gut development.
Fulde and co-workers show that the expression of TLR5 in intestinal epithelial cells in early life is an example of a checkpoint in a developmental process that is coordinated with microbial colonization to achieve healthy mutualism between the host and its microbiota. TLR5 can bind the bacterial protein flagellin, and the authors found that this drives secretion of the antimicrobial protein Reg3γ. Both TLR5 and Reg3γ help to limit early-life colonization by bacteria that express flagellin, which is a component of the flagellar structure that aids bacterial motility. Flagellin is found on some pathogenic bacteria, although not all bacteria that express flagellin are pathogenic. The authors determined when during development this TLR-5-linked effect occurred by conducting colonization experiments in which infant mice (up to 10 days old) received an equal mixture of non-flagellated and flagellated strains of Salmonella bacteria. In wild-type mice, the intestinal colonization of the strain lacking flagellin was consistently higher than that of the strain that had flagellin. This difference was not seen in TLR5-deficient mice (Fig. 1) .
In another experimental approach taken by Fulde and colleagues, germ-free, wildtype pups were intestinally colonized with either a 'healthy' microbiota derived from wild-type mice or a 'dysbiotic' microbiota from TLR5-deficient mice, which would be liable to trigger changes linked to metabolic disease [10] [11] [12] . Fulde et al. found that wild-type pups could drive the species composition of the dys biotic-microbiota gut residents towards that of the microbiota derived from wild-type mice. However, it seems that TLR5 is required to shape microbiotal composition only during a specific postnatal time frame, because the authors found that the dysbiotic microbiotal composition was less effectively shaped if transferred into germ-free, TLR5-deficient pups or adult, germ-free, wild-type mice. Once the micro biota composition had been shaped, it persisted long into adult life (at least 42 days). The window of opportunity for this microbiota-shaping effect is restricted to early postnatal life by the downregulation of TLR5 expression in gut epithelial cells at weaning (approximately 21 days after birth).
The gut microbial composition for a given animal strain varies considerably with the different housing facilities used for laboratory animals and even between cages in a single facility, with the microbial composition changing gradually from generation to generation even in a continuously inbred colony. External influences, such as dietary changes or environmental cage-associated effects, might bring about changes that could confound experimental results. One way around this is to breed heterozygous animals (those that have a mutation in only one of the two copies of a gene of interest), and then to compare the gut microbes of littermates that are either deficient in the gene of interest or wild type. Yet, as others have reported 13 , with this kind of approach, differences in gut-microbe composition are dominated by the transmission of microbiota from parents to their offspring, rather than being mainly affected by whether the offspring are deficient for a certain gene, such as the gene that encodes TLR5.
Nevertheless, in the context of the gut microbes and the stage of postnatal 1 report that the expression of the protein TLR5 in gut cells during a limited time window in early postnatal development in mice helps to reduce the presence of bacteria that express the protein flagellin. This protein is a component of a bacterial structure called a flagellum, and is a hallmark of pathogenic bacteria, although not all bacteria that express flagellin are pathogenic. a, b, When the authors gave wild-type or TLR5-deficient infant mice a bacterial sample that was an equal mixture of flagellar and non-flagellar strains of Salmonella, they found that a higher proportion of flagellin-expressing bacteria were present in the gut of the TLR5-deficient mice (b) than in the wild-type mice (a). Additional experiments revealed that early expression of TLR5 can help to shape the long-term composition of microbial species residing in the gut. development that they studied, Fulde and colleagues show not only that TLR5-deficient animals develop an abnormal gut microbial community, but also that the presence of TLR5 in gut cells is sufficient to drive the community towards a more normal composition by limiting the presence of flagellated bacteria.
As with every major advance, questions remain. Determining the way in which different microbes associate and occupy niches in the gut in the presence or absence of TLR5 will require studies using mouse colonies in which the animals have a range of predefined, stable microbial compositions. This will allow researchers to discover how the presence or absence of microbial species affects the microbiota interaction with the host, and, by using a technique known as stable isotope tracing, to assess whether molecular crosstalk between microbial species affects the overall assembly of the microbiota.
Fulde and colleagues' work provides two key messages. First, it shows that TLR5 expression in early life can have a lasting effect on the composition of the intestinal microbial community. And second, it supports the emerging idea of sequential milestones during the mutually connected postnatal development of a host and its associated microbes. ■ Andrew J. Macpherson 
